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Abstract; In this study soil enzyme analysis, microbial cultivation and Biolog analysis were employed to evaluate the
microbial activity and functional diversity of soil enclosed in a polythene tunnel greenhouse or “polytunnel” , intended for
the cultivation of cucumbers ( Cucumis sativus L. ) or tomatoes ( Lycopersicon esculentum Miller). The results show that the
dehydrogenase activity of the soil kept in the polytunnel under recommended fertilization is 36. 5% higher than that under
conventional fertilization. In addition the dehydrogenase activity of the polytunnel soil used to grow tomatoes under

recommended fertilizer inputs significantly increased by 66.5% when compared with conventional practices. The number of
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culturable actinomycetes of both cucumber and tomato soils cultivated in the polytunnels significantly increased by 30. 0%
and 72. 2% , respectively, when compared with conventional fertilization. The Biolog analyses indicate that AWCD
( Average Well Color Development) in tomato soils under recommended fertilization are always greater than those under
conventional or no fertilizer treatments when incubated in polytunnels. The AWCD incubated at 96 hrs in cucumber soils
and in the polytunnel under recommended fertilization were 36. 5% higher than that under conventional fertilization.
Similarly, in tomato soils kept in the polytunnel, the AWCD at 96 hrs under recommended fertilization had significantly
increased by 68. 5% when compared with conventional fertilization. The Shannon, Simpson and McIntosh indices of
polytunnel greenhouse tomato soil microbial communities under recommended fertilization were higher than those under
conventional fertilization. The Mclntosh index was significant at p <0.05. PCA analyses suggests that carbon utilization of
the soil microbial communities in the cucumber and tomato soils under recommended and conventional fertilization differ

markedly from each other.

Key Words: polytunnel greenhouse; conventional fertilization ; recommended fertilization; dehydrogenase activity; Biolog
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B EE 300 mg kg™ B ABHE RN 90 mg kg™ BEAGNE R 240 mg kg ', AT HIER ST E K
ERFHEEEAEMGARER IR IR . A/ XEVLTE 3 BB (36 m x6 m) Py, /)
X SZBREALN 10 m x2 m =20 m* , /MR Z AR PVC AR (BB 50 cm) FREE, /DX PURBBHRPAT, AR
B (B 50 om) ¥ /MR 5RPITIRE . FEHLE SREBNAMBEMRBUEPIRZE(0 ~20 cm) 14, Fiftt
HEEAT HYBRARSRYBRSREE 4CKEA PRI T EpH H.ECHSHIMRTENR
#1,
1.2 IS AN E

TS MR A R AL SRR (TTC) 3B R . kB 2.5 g+, A 2.5 ml 1.0% TIC -
Tris 2% (pH 7.6) , FEIAF B XTHR, L1 0.2 mol L™" Tris-HCl ¥ TTC, B 37 CHEE3EFH 24 h, )G
A B R, HEAF] 25 ml, IRIENRY 1 min, #8)5308, 37 A6 B THE 485 nm K T Hoail
o WIBEFRMENZITE TPF BOWEE , BEIE M LA TTC 3R 5P 4 =25 25 H 5 (TPF ) 9 £k B8 #7n (mg TPF kg ™' it
F1 x24 h),

£1 FEMEBLETEMAMENSENTE pH E.ECESHSEER
Table 1 pH value,EC value and total salt content in the soils of cucumber and tomato cultivated in the polytunnels under different fertilization

EC ®BOBEE
g5} pHE & 2
EC value Total salt content
Treatment (H,0) 1 _1
(mSem™) (gkg™)

JTCHR % JK Cucumber 4.79 0.903 3.505
No fertilization i Tomato 4.89 0.912 3.764
T GEHiAE # JK Cucumber 4.39 1.080 4.631
Conventional fertilization i Tomato 4.50 1.098 4.568
[y % JK Cucumber 4.50 1.018 4.327
Recommended fertilization i Tomato 4.63 0.952 3.823

1.3 HEPAEFRAE R OREEEENE

I L SR 4B AR E SR AR ARk, 28 CHE IR B 5% L THE, TH S R BUH X
BRHGEIT T, B RBREERE 3 K, ZREEERES I NG WEEABRIRIRERE DT REFRE
REE 1 Sagmna™,
1.4 Biolog 7247

IR Y Th B REE R A Biolog fttk #) B 3404 & 4 ( Biolog, Hayward, CA, USA) AT 434 =™, #k
B 10 g st +AEE T 100 ml JoE 0. 05 mol/L BEFRZE P& (pH 7.0) W, 7E44 180 r/min " #z% 20 min, FHJC
B 0.05 mol/L AL MU (pH 7. 0) FBH 10 )5, F5 8 JEIB MAERS 1] Biolog Eco #FL4R ( Biolog, Hayward,
CA,USA) &ZfL4rHI%n 150 pl MBEHEBR. S MEAREM3 A~ HEFEREL, 25CHEREEFR 2405
7E BIOLOG Emax™ & 381 ( Biolog, Hayward , CA, USA) | #|Fj Microlog Rel. 4.2 #k{4 ( Biolog, Hayward,
CA,USA) BEHX 750 nm 1 590 nm AT HIRIGIE, BEHL 96 h BB AT BRI BHTHE M B a1
R BOTE T I T
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YR REFEAER. NR2TTUENH, BB B  ATE5 8% Different letters indicate significant differences at p <
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HHBRRABEER BEAHLEHEBEKTE
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5HEEHEORAREESR ., RAGETERAMER T EPERRAENE BERTAABELHE,

GBI INT 72.2% . %3 8, AFEMEAEY HRP T H S S5 EEHRE BENEWE, BX+
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Table 2 Numbers of culturable microorganisms in the soils of cucumber and tomato cultivated in the polytunnels under different fertilization

Rb3E 407 Bacteria HEH Fungi TR E Actinomycetes
Treatment (log CFU g~! dry mass) (log CFU g~! dry mass) (log CFU g~! dry mass)
TR # K Cucumber 7.311 £0. 130* 5.280 +0.081* 6.554 +£0. 173

No fertilization %7 Tomato 7.177 £0. 110* 5.162 +£0. 189* 6.198 +0.237"

1E G iR # K Cucumber 7.257 £0.223* 5.260 +0.200* 5.984 +0.149
Conventional fertilization %7k Tomato 7.508 +£0.363* 5.221 +0.201* 5.858 +0.197¢

i 0 A #JK Cucumber 7.391 £0. 242" 5.259 £0.132° 6.398 +0.032%
Recommended fertilization %7 Tomato 7.391 £0. 060" 5.270 £0.253* 6.509 +£0. 102*

[Fl—F P AR FRFERIE0.05 KFEERBE Different letters in the same column indicate significant differences at p <0.05
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3 HEARSLIE S A Y KB AR A BN A A S R I AT SR R S B RO
Table 3 The effects of fertilization treatment and plant type on dehydrogenase activity , numbers of culturable microorganisms in the soils of

cucumber and tomato cultivated in the polytunnels

S A TR S HE HHE HERH

Effoct Degree of freedom Dehydrogenase activity Bacteria Fungi Actinomycetes
ee df F F F F

Hi e AL FE Fertilization treatment 2 5.27° 0.9 0.08 18.78 **¢

A5 A Plant type 1 0.56 0.15 0.31 2.6

HEARALIR X A YRR 2 1.11 1.26 0.19 3.09

Fertilization treatment X Plant type
WHEFEMHER( +p<0.05,  *p<0.01) Results of two-way ANOVA ( # p<0.05, * *p<0.01)

2.3 HEBMAEYREIIRESHE

Biolog fE ) B 30 RGE 12 I T R SIS P il Wi DhREZ HE Pk B9 70T Biolog Eco fifL
WA 31 AR, b & 125 FOARRIRBRIR™Y , 7 LARIBH#E— et B3 MR E S, Biolog Eco L
WA 6 Fiiis LR Biolog GN SFLARBTIA 8™ , I A BOBR IR — B RAE MR R4, IR T B B RE AR
bR IR YR A RO BRIA, 5 TR YRR R AR S TR E AR MY . AWCD W LAPEH) + 3 i
A YRR RBIR A BB ), 48 78 IR P e I TR M. MBI 2 TTLAR Y, BEE 3SR TR RO SEK, AS [R] Bt A
ALFET BB R BB YR AWCD ZRIZRIFAW B, XTHER b T Ml de i B i W 4, 2
BIRHH B R LSRR Y i A e — IR RUR R B R, AR 3 W LUE Y, BB 3 7 I (Rl B FE S, A F]
TEAEALTE T BRI il SR A MR 89 AWCD 2 [ 22 5 20 BA 8., e o7 M E T B 3tk T3 ik
Y1ty AWCD AR T RACAL B R AR RMALAL B, 3R 4 BT LUEH , SEGMATAE b , AL 75 M IE T 281
R A Y3 IR 96h B AWCD N T 1. 9% , B Al R Y357 96h B9 AWCD RIEHN T 68.5% , Hik
AT BEKF. &S B, AFMEELLERA R YISRE %+ A Y& 19 AWCD B8 B& K,

1.2 1.6

[ —e—nNF
—o— NF 14 |
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B2 AFEMEARALET R B R L R A g SR P B3 ARMEAEALETSESAHEN T RREYEFLED

AWCD g4k AWCD #9734k

Fig. 2 AWCD variations during incubation of cucumber soil microbial Fig. 3 AWCD variations during incubation of tomato soil microbial
communities under different fertilization communities under different fertilization

NF: JCfE No fertilization; CF: 545 i il Conventional fertilization; NF: AR No fertilization; CF: f£4tjii IR Conventional fertilization;
RF: B 5} A Recommended fertilization RF: B 777 AE Recommended fertilization

T4 5T HEREYIZEBEFE 96 h ) Shannon 5 %Y, Simpson 7§45 Mclntosh $5%%, Shannon 84 7] L1
FAE HIE PR YRR £ =B, Simpson fEEPEAE I P WIRF R LS, McIntosh 1845 S Bt T3 th il AR W)
BEYSE . AT SR )R 1 254 Y% Y Shannon 54X, Simpson #5475 Mclntosh #5%
ZRIZFIHAR R, XTRER B TR B8R 3504 YR 98 XA 5] it A A 3L # o] o 75 2 — € ) TR
B BE T T A T B M 2t e Wy R ¥ Y Shannon 15 %%, Simpson 84} McIntosh 8 $(# K T LM
A3, 3 H McIntosh 388043 T BE K, M35 FTLIES , AL E XA FAE Y 28 5 %7 B84
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RN HESH SRR BE R,

F4 TRERLETEMAMRRSEN T REY AWCD, SHES S BEY

Table4 AWCD,diversity and evenness indices of cucumber and tomato cultivated in the polytunnels under different fertilization

] SEFR SGE Shannon #5% Simpson 5% Meclntosh 35 %
Treatment AWCD Shannon index Simpson index MclIntosh index
TR # K Cucumber 0.705 £0.403%® 3.002 £0.336° 0.939 +0.0292 4.844 +2.072%
No fertilization Z %k Tomato 0.625 +0.336% 2.798 +0. 4062 0.922 +0.0442 4.774 +1.641%
(] # JK Cucumber 0.601 +£0. 1742 3.045 £0.207* 0.945 +£0.013* 4.883 +0.619%
Conventional fertilization i Tomato 0.351 +£0. 448" 2.548 £0.712* 0.876 £0.101* 2.809 +2.750°
By AR # JK Cucumber 0.704 £0.389% 2.890 +£0.4122 0.929 +0.040° 5.085 +1.818%
Recommended fertilization % Tomato 1.117 £0.163® 3.250 0. 0922 0.958 +0.005% 7.023 £0. 6792

[Fl—Fh AR E M FRFRLE 0.05 K EEF B FE Different letters in the same column indicate significant differences at p <0. 05

£5 HELESEPEXBNEMABENS ST EREDRETHRLE. SRS HIRRRHE
Table 5 The effects of fertilization treatment and plant type on AWCD, diversity and evenness indices of polytunnel greenhouse soil microbial

communities
SRt BEHE SEFR SGE Shannon $5%{ Simpson 5% Meclntosh 35 %
Effect Degree of freedom AWCD Shannon index Simpson index Mclntosh index
e F F F F
Hi e AL FE Fertilization treatment 2.04 0.68 0.68 2.36
A& 42 A Plant type 0 0.35 0.68 0.01
HEREALE x A G B 1.92 1.7 1.5 1.94

Fertilization treatment X Plant type

WHEFEMHER( +p<0.05,  *p<0.01) Results of two-way ANOVA ( # p<0.05, * *p<0.01)

2.4 BRESRERION TSR A Wy R B IR R R i) PCA 2047

FE 55387 (Principal component analysis, PCA ) &SR BUFELERY J7 85 , (3 D JHIHE B TLSR I 47 B 18 n S B
JRGEH i b T S R SR B o 1B 4 329, 76 385> 2 (Principal component 2,PC2) b, BE77 M fE T 28
BB R LI AE R R B IR A IS S AR AL B /] A 437k . 181 S kB3, ZE £ /S 1(PCL) |k, BE

77 TAE T BB 2l Sl e W v IR T 5 A G BB ME A JEL T LA 8 X 23 TR

o

a0
o
1.5 A RF
& 9 L Iy
o =+
e o - 0.5
o @) - | Fa) |
S A -1 14 b
-0.5
. -1.0
—1

i PC1 (67.8%)
PC1 (41.4%)

Bl5 AEIMEALAL IR T B AW Al R A M AR IE ik TR RO
SOES g
Fig. 5 Principal component analysis (PCA) of carbon utilization of

B4 ARIMEAEALE T AW BN R B A Y R R R A R
FUES%rgien

Fig. 4 Principal component analysis (PCA) of carbon utilization of
tomato soil microbial communities under different fertilization

NF: JCHE No fertilization; CF; {£4:ji JE Conventional fertilization ;
RF. BE HHEAE Recommended fertilization

cucumber soil microbial communities under different fertilization
NF: JGHE No fertilization; CF; £t i IR Conventional fertilization
RF. BE A HEAE Recommended fertilization

3 itig
TR Y R S A | IR 5 RS IR Y . RIB YRS TR ST R
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FBAE , — 77 E R AIE T RAFE T h A , AR R B i, IR R LB B B4, AT O 35
AR T BIFEIAER; 55—, BL MG 4R T AR BRI AR, i T b IR 4 i B AR, M T A
JEZM T HERAL RS NS T HRRENBRGE D) WM T E0XHEY S 38 M
YriE , A T AR T LRSS S BT, BTG AR AL - e L o B R K pH HRY TR (R
1) AHYE R E B, AR RS Jy 3 3, PRI DA 450 5 S PR A B R b A TR B A W S Pt B R
BRNRESRAASE, B AMGER = ERST B, RROSFRERES, EABEERR T BN
BRI FEN, G T TR KR BRI T HRRAERFA SRR L) s BRI RE SR
T BTN T HERRAT N5 LR YAt R R RAT, I AR SN BRI, &
YRR R—AEYIFR 2 SR B NGRBIE . REEEEARRRIIE I, A5 BGALE 7T RE 3 A Wi RE e 45, IR
HEYEE B DR EFEEE, AT — R BRI R SOEERRR . B MAEE R T L3l
Vgt RIIBEZ R R RN, BE T DEBEY X R, N TA SMEYRAENEE., RAEKEZE
HIT 3P HTE R FR KRB 0, 3 & Fh AR F R — IR, B T R . AL M 4R
B T BRI R S 1SR A Wi 1 5 T RR e i, R - SR A MRS W BB A I T T B o

A [F AR AL B %ok SR o S BT 5 R P SRS BE R B RO , BEE TR A g it 18] 5
K, ML B8 R YA S e S TR S Re e 78— R B I IR) RUBE P9, %o HEDRE iz ik B
M5 , A F RFE Y I Bt T BER i SR B IR A WS M SEE DIRE 2 et . BRERM &oin TR
TGS 2R = T B OO 2B L, (A R 2 20 1SR W i 5 B e Bca B, Tl
HEYRER, EMEELIRFS-E—BHEBYR, NTE—EBE LG T HREMEYERRE
ﬁ‘l{‘t[ls'lﬂ o

B, B AL A X TG SR i 1 LA o S SIS PR AE Y 3 P AR TS A W B, 4R R T L
AWCD RAER) + P e YRS S, S 7 DR P A YRR IR SR B T HIRMAEYX R,
BRITH B MEYNFTE. B R T 2RISR SRR YRS T R A M E S, BEFRS e ey
ST W, a7 1R YRR SR e R AR ST RRI R R o BT WAL AN TR RN AR 821 T e
Vst R etk Wl K BIR AR E R B — B Rk
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